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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a vibration attenuation 
device and an aligner comprising it wherein disturbance vibration 
is suppressed (vibration control) and the wait time until a 
remaining vibration is settled is shortened at replacement of 
wafer or reticule, for improved throughput. 
SOLUTION: The dislocation due to remaining vibration of an 
exposure main body part 40 is detected with dislocation sensors 
10Z1-10X, and it is converted into dislocation on a reticule stage 
101 by a reticule stage coordinate conversion part 71. Based on 
the calculated dislocation, a reticule stage control part 91 so 
drives/controls actuators 95X, 95Y, and 95R that the reticule 
stage 101 is driven to cancel the calculated dislocation of reticule 
stage 101. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The shock absorbing desk held through the pad to the floor line, and the shock absorbing desk 
actuator which drives said shock absorbing desk, the shock absorbing desk which detects the variation 
rate of said shock absorbing desk — a variation rate — a sensor — at least ~ said shock absorbing desk 

— a variation rate — with the shock absorbing desk oscillating control system which carries out drive 
control of said shock absorbing desk actuator so that vibration of said shock absorbing desk may be 
controlled based on the output from a sensor The installation base installed in said shock absorbing desk, 
and the installation base actuator which drives said installation base, the installation base which detects 
the variation rate of said installation base — a variation rate — a sensor and said installation base a 
variation rate — with the installation base position control system which carries out drive control of said 
installation base actuator so that the location of said installation base may be controlled based on the 
output of a sensor In order to deliver an installation object between said installation bases, when laying 
said installation object at least with the installation object delivery means installed in said floor line It has 
a signal transduction means, said shock absorbing desk — a variation rate — the variation rate of said 
shock absorbing desk detected by the. sensor — information — the variation rate of said installation base 

— the variation rate changed into information — Vibration removal equipment characterized by amending 
the variation rate of said installation base by said installation base position control system based on the 
displacement information searched for by said displacement signal transduction means. 

[Claim 2] vibration removal equipment according to claim 1 — setting — said shock absorbing desk 
oscillating control system — at least — said shock absorbing desk — a variation rate — the oscillating 
control loop which controls vibration of said shock absorbing desk based on the output from a sensor 
further — having — said shock absorbing desk — a variation rate — the vibration removal equipment 
characterized by forming the neutral zone of effective or predetermined width of face selectable to an 
invalid to the output of a sensor at said oscillating control loop. 

[Claim 3] The aligner which is an aligner which imprints the pattern formed in the mask to the substrate 
on a substrate stage through projection optics, and is characterized by providing said vibration removal 
equipment according to claim 1 or 2 as vibration removal equipment of the exposure body section. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] |. _i i x 4 

[Field of the Invention] This invention relates to vibration removal equipment and an aligner, and relates to 
the aligner equipped with the so-called vibration removal equipment and this vibration removal equipment 
of the active method which drives a shock absorbing desk with an actuator in more detail so that vibration 
of a shock absorbing desk may be negated. 
[0002] 

[Description of the Prior Art] Fine vibration which acts on a surface plate (shock absorbing desk) will 
need to be insulated from the installation floor on micro G level with highly-precise-izing of precision 
mechanical equipments, such as the contraction projection mold aligner of a step-and-repeat method, i.e., 
the so-called stepper etc. Various things, such as a mechanical damper, an air operated damper, etc. 
which put in the compression spring into damping liquid as a vibration removal pad which supports the 
shock absorbing desk of vibration removal equipment, were used, and the vibration removal pad itself is 
equipped with a certain amount of centering function. Since especially pneumatic spring vibration removal 
equipment equipped with the air operated damper can set up a load rate small and insulates vibration of 
about 10Hz or more, it is widely used for support of a precision mechanical equipment. Moreover, recently, 
in order to overthrow the limitation of conventional passive vibration removal equipment, active vibration 
removal equipment is proposed (for example, reference, such as Japanese Patent Application No. No. 
83577 [ seven to ] concerning the same applicant as this application). This detects vibration of a shock 
absorbing desk by the sensor, by driving an actuator based on the output of this sensor, is vibration 
removal equipment which performs oscillating control, and can give the ideal vibration isolation 
effectiveness which does not have a resonance peak in a low frequency control band. 

[0003] ..... 
[Problem(s) to be Solved by the Invention] However, with above-mentioned active vibration removal 
equipment, the problem of the fall of the throughput by residual vibration was produced. That is, exact 
positioning becomes impossible when a reticle and a wafer tend to be supplied from the exterior and it is 
going to position to the position on a stepper by the stepper installed on above-mentioned active 
vibration removal equipment, and the residual vibration of a stepper occurs. Therefore, the throughput of 
a stepper falls, without the ability performing loading of a wafer or a reticle until this residual vibration 
sets 

[0004] The purpose of this invention is to offer the aligner equipped with the vibration removal equipment 
and this which the latency time until residual vibration sets on the occasion of exchange of a wafer or a 
reticle is shortened, and can measure improvement in a throughput. [ control (vibration deadening) of 
disturbance vibration is possible, and ] 
[0005] 

[Means for Solving the Problem] 

When it matches with dr awing 1 , drawing 7 , and drawing 8 which show the gestalt of 1 operation and this 
invention is explained, (T) Invention according to claim 1 Pads 4A-4D (pad 4D is unHllustrating) are 
minded to a floor line. The shock absorbing desk 6 and the; shock absorbing desk 6 which were held The 
shock absorbing desk actuators 7A-7D to drive And 32A-32C () [ actuator 7C] 7D and the variation rate 
of un-illustrating and the; shock absorbing desk 6 the shock absorbing desk to detect — a variation rate - 



- a sensor 10Z1 to 10Z3, 10Y1, 10Y2 and 10X, and; — at least — a shock absorbing desk — a variation 
rate — shock absorbing desk actuator 7A-7D so that vibration of a shock absorbing desk 6 may be 
controlled based on a sensor 10Z1 to 10Z3, 10Y1, 10Y2. and the output from 10X And installation base 
actuator 95X which drives the shock absorbing desk oscillating control system 11 which carries out drive 
control of 32A-32C, the installation bases 101 and 102 installed in the; shock absorbing desk 6, and; 
installation bases 101 and 102, Installation base displacement sensor 38X which detects the variation rate 
of 95Y, 95R, 96X, 96Y and 96R, and; installation bases 101 and 102, 38Y, 38R, 39X, 39Y and 39R, and; 
installation base displacement sensor 38X, So that the location of the installation bases 101 and 102 may 
be controlled based on the output of 38Y, 38R, 39X, 39Y, and 39R Installation base actuator 95X, With the 
installation object delivery means 200 installed in the floor line in order to deliver an installation object 
between the installation base position control system 1 10 which carries out drive control of 95Y, 95R, 
96X, 96Y, and the 96R f ; installation base 101, or 102 When laying an installation object at least By the 
shock absorbing desk displacement sensor 10Z1 to 10Z3, 10Y1, 10Y2, and 10X It is based on information, 
the variation rate of the detected shock absorbing desk 6 — information — the variation rate of the 
installation bases 101 and 102 — the variation rate changed into information — the signal transduction 
means 91 and 92 — having — ; — a variation rate — the variation rate called for by the signal 
transduction means 91 and 92 — The purpose mentioned above by amending the variation rate of the 
installation bases 101 and 102 by the installation base position control system 110 is attained. 

If it matches and explains to draw ing 3 which shows the gestalt of 1 operation, it will set to invention 
according to claim 2. (2) The shock absorbing desk oscillating control system 11 It has further the 
oscillating control loop which controls vibration of a shock absorbing desk 6 based on the shock absorbing 
desk displacement sensor 10Z1 to 10Z3, 10Y1, 10Y2, and the output from 10X at least. The neutral zone 
of effective or predetermined width of face selectable to an invalid is formed at an oscillating control loop 
to the output of the shock absorbing desk displacement sensor 10Z1 to 10Z3, 10Y1, 10Y2, and 10X. 
(3) If it matches and explains to drawing 1 which shows the gestalt of 1 operation, invention of claim 3 will 
apply invention according to claim 1 or 2 to the aligner which imprints the pattern formed in Mask R to 
the substrate W on the substrate stage 102 through projection optics PL. 

[0006] In addition, although drawing of the gestalt of implementation of invention was used by the term of 
above-mentioned The means for solving a technical problem explaining the configuration of this invention 
in order to make this invention intelligible, thereby, this invention is not limited to the gestalt of operation. 
[0007] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained based on 
drawing 1 thru/or drawing 8 . 

[0008] The outline perspective view of the aligner 100 of step - concerning the gestalt of 1 operation and 

- scan mold is shown in drawing 1 . In this drawing 1 , the rectangular plate-like plinth 2 is installed in 
above the floor level [ as an installation side ], the vibration removal pads 4A-4D (however, in drawing 1 , 
vibration removal pad 4D by the side of the space back is not shown) are installed on this plinth 2, and 
the surface plate 6 of the shape of a rectangle as a shock absorbing desk is installed on such vibration 
removal pad 4A - 4D. Here, since projection optics PL is used with the gestalt of this operation, the Z- 
axis is taken in parallel with the optical axis of projection optics PL, and a Y-axis is taken in the flat 
surface which intersects perpendicularly with the Z-axis in the direction which intersects the X-axis 
perpendicularly with the longitudinal direction of a surface plate 6 at this so that it may mention later. 
Moreover, the hand of cut of the circumference of each shaft is appointed at the direction of Ztheta, 
Xtheta, and Ytheta. In addition, in the following explanation, +X, +Y, + Z direction, and a direction opposite 
to this shall be used for the direction which each arrow head which shows X in drawingJL , Y, and the Z- 
axis shows in distinction from -X, -Y, and - Z direction if needed. 

[0009] The vibration removal pads 4A-4D are arranged near [ four corner ] the base of the rectangle of a 
surface plate 6, respectively. With the gestalt of this operation, since an air operated damper is used as 
vibration removal pads 4A-4D and the pressure of air can adjust the height of the vibration removal pads 
4A-4D, the air operated damper serves also as the duty of a vertical-movement device. Of course, the 
mechanical damper which established the vertical-movement device independently and put in the 
compression coil spring into damping liquid may be used as a vibration removal pad. 

[0010] Actuator 7A is installed by vibration removal pad 4A and juxtaposition between the plinth 2 and the 
surface plate 6. Actuator 7A consists of stator 9A fixed on the plinth 2, and needle 8A fixed to the base 



of a surface plate 6, and generates the energization force of the Z direction to the base of a surface plate 
6, or the suction force which goes to a plinth 2 from the base of a surface plate 6 from a plinth 2 
according to the directions from a control unit 1 1 (refer to an illustration abbreviation and drawin g .3 in 
drawing 1 ). Also in other vibration removal pads 4B-4D, Actuators 7B-7D are installed in juxtaposition 
like vibration removal pad 4A, respectively (however, not shown [ the actuators 7C and 7D by the side of 
the space back ] in drawing 1 ) t and the energization force or suction force of these actuators 7B-7D is 
also set up by the control unit 1 1 (refer to an illustration abbreviation and drawing 3 in drawing 1 ), 
respectively. About the control approach of Actuators 7A-7D, it mentions later. 
[001 1] Next the concrete configuration of actuator 7A is explained based on drawing 2 . 
[0012] An example of the configuration of actuator 7A is shown in drawing 2 (a). Stator 9A consists of a 
magnet with which shaft 9Ab of the south pole and 9Ac were formed in the both sides of shaft 9Aa of N 
pole in this drawing 2 (a). Moreover, needle 8A consists of wrap outer cases 14 in the container liner 12 
which fits loosely into shaft 9Aa, the coil 13 wound around the outside of this container liner 12, and this 
coil 13, and the force of a direction (**Z direction) parallel to shaft 9Aa generates it between stator 9A 
and needle 8A by adjusting the current which flows in a coil 13. 

[0013] Another example of actuator 7A is shown in drawing 2 (b). In this d rawing 2 (b), the stator 16 of 
the magnetic substance is fixed to the part I material 15, container liners 18A and 18B are fixed so that a 
stator 16 may be inserted into the part II material 17, and Coils 19A and 19B are wound around the 
outside of container liners 18A and 18B, respectively. By adjusting the current passed in Coils 19A and 
19B also in this case, the balance of the suction force between the part [ material 15 and the part II 
material 17 is changed, and the force is generated. It is constituted like [ the other actuators 7B-7D ] 
actuator 7A. 

[0014] The acceleration sensor 5Z1 as a sway sensor which detects the Z direction acceleration of a 
surface plate 6, and 5Z2 are attached in the side face by the side of return and the direction of +Y of a 
surface plate 6 at drawing 1 . Moreover, the acceleration sensor 5Y1 as a sway sensor which detects the 
direction acceleration of Y of a surface plate 6, and 5Y2 are attached in the direction edge of +Y of 
surface plate 6 top face, and acceleration-sensor 5X as a sway sensor which detects the direction 
acceleration of X of a surface plate 6 is attached in the direction edge of +X of surface plate 6 top face. 
As these acceleration sensors 5Z1, 5Z2, 5Y1, 5Y2, and 5X, a semi-conductor type acceleration sensor is 
used, for example. The output of these acceleration sensors 5Z1, 5Z2, 5Y1, 5Y2, and 5X is also supplied 
to the control unit 11 (refer to an illustration abbreviation and drawing 3 in drawing 1 X 
[0015] Moreover, the metal plates (conductive ingredient) 231 and 232 of the rectangle of predetermined 
area are stuck on the side face by the side of the direction of +Y of a surface plate 6. With the gestalt of 
this operation, the surface plate made from the ceramics which is a non-conductive ingredient as a 
surface plate 6 is used, and the displacement sensor 10Y1 of a surface plate which detects a variation 
rate Y direction, and 10Y2 (it is an illustration abbreviation and referring to drawin g 3 in order to avoid 
complication of a drawing in drawing 1 ) are prepared in the location which counters metal plates 231 and 
232. as these displacement sensors 10Y1 and 10Y2 — an eddy current — a variation rate — a sensor is 
used. If according to this eddy current displacement sensor alternating voltage is applied to the coil 
beforehand wound around the insulator and it brings close to the measuring object which consists of a 
conductive ingredient (conductor) The field which an eddy current generates in a conductor by the 
alternating current field made with the coil, and is generated according to this eddy current It is the field 
and hard flow which were made by the current of a coil, and these two fields overlap, the output of a coil 
is affected, and the current strength and the phase which flow in a coil change. Since this change 
becomes so large that the measuring object is close to a coil and it becomes so small that it is conversely 
far, the location of the measuring object and a variation rate can be known by taking out an electrical 
signal from a coil, in addition, the electrostatic-capacity type non-contact which detects the distance 
between a sensor and a measuring object object by non-contact as a displacement sensor using 
electrostatic capacity being in inverse proportion to the electrode of a sensor, and the distance between 
measuring object objects — a variation rate — a sensor may be used. In addition, if it is made the 
configuration which can prevent the effect of background light, it is also possible to use PSD (semi- 
conductor light position transducer) as a displacement sensor. 

[0016] Moreover, the metal versions 233 and 234 of predetermined area are stuck on the direction edge 
of +Y of surface plate 6 top face, these metal plates 233 and 234 — countering — the Z direction of a 



surface plate 6 — the eddy current which detects a variation rate — a variation rate — the displacement 
sensor 10Z1 which consists of a sensor, and 10Z2 (refer to an illustration abbreviation and drying. 3. in 
dr awin g 1 ) are prepared, furthermore, the metal plate 235 of predetermined area sticks on the side face 
of the direction of +X of surface plate 6 top face — having — this metal plate 235 — countering — the 
direction of X of a surface plate 6 — the eddy current which detects a variation rate — a variation rate - 
- displacement-sensor 10X (refer to an illustration abbreviation and drawing 3 in dravyingj. ) which 
consists of a sensor is prepared. Similarly, the output of a displacement sensor 10Y1, 10Y2, 10Z1, 10Z2, 
and 10X is also supplied to the control unit 1 1 (refer to an illustration abbreviation and drawtag_3 in 
drawin g 1 ). 

[0017] On the surface plate 6, X-Y stage 20 driven in the XY two-dimensional direction by the driving 
means which is not illustrated is laid. Furthermore, Z leveling stage and theta stage (all are illustration 
abbreviations) are laid on this X-Y stage 20, and the wafer stage 102 consists of these X-Y stages 20, a 
Z leveling stage, and a theta stage. On theta stage, adsorption maintenance of the wafer W as a 
sensitization substrate is carried out through the wafer holder 21. Moreover, the 1st column 24 is formed 
so that X-Y stage 20 may be surrounded on a surface plate 6, projection optics PL is fixed to the center 
section of the superior lamella of the 1st column 24, the 2nd column 26 is formed so that projection 
optics PL may be surrounded to the superior lamella of the 1st column 24, and X-Y stage 27 driven in the 
XY two-dimensional direction by the driving means which is not illustrated is laid in the center section of 
the superior lamella of the 2nd column 26. On this X-Y stage 27 f theta stage (illustration abbreviation) is 
laid further, and a reticle stage 101 consists of these X-Y stages 27 and a theta stage. And the reticle R 
as a mask is laid on this reticle stage 101. 

[0018] The location of the direction of X [ of the wafer stage 102 ], Y, and Ztheta is detected by the laser 
interferometers 39X, 39Y, and 39R as a displacement sensor (laser interferometer 39R is un-illustrating). 
The output of these laser interferometers 39X, 39Y, and 39R is inputted into the control device 11 (refer 
to drawin g 3 ), the stage positional controller 110 (refer to drawing 8 ), and the main control unit that is 
not illustrated. Z leveling stage is constituted possible [the drive of Z shaft orientations, and adjustment 
of the inclination to the Z-axis ], and, as for theta stage, minute rotation of the circumference of the Z- 
axis is constituted possible. Therefore, Wafer W can be positioned in three dimension by X-Y stage 20, Z 
leveling stage, and theta stage. 

[0019] The location of the direction of X [ of a reticle stage 101 ], Y, and Ztheta as well as the wafer 
stage 102 is detected by the laser interferometers 38X, 38Y, and 38R as a displacement sensor (laser 
interferometer 38R is un-illustrating), and the output of these laser interferometers 38X, 38Y, and 38R is 
inputted into the control device 1 1 (refer to drawing 3 ), the stage positional controller 110 (refer to 
drawing 8 ), and the main control unit that is not illustrated. In addition, about Reticle R, it has 
composition which can be justified in the direction of X t Y, and Ztheta. 

[0020] Above Reticle R t the illumination-light study system which is not illustrated is arranged, performing 
the automatic focus by relative-position doubling (alignment) and the focal detection system which is not 
illustrated of Reticle R and Wafer W t under the illumination light EL for the exposure from an illumination- 
light study system, image formation of the pattern of Reticle R is carried out to each shot field of Wafer W 
according to projection optics PL, and the main control unit which is not illustrated carries out sequential 
exposure. With the gestalt of this operation, the relative scan of a reticle stage 101 and the wafer stage 
102 is carried out by the main control unit with a predetermined velocity ratio in accordance with X shaft 
orientations (scanning direction) through each driving means on the occasion of exposure of each shot 
field. 

[0021] The 1st column 24 is installed on the surface plate 6 by the four legs 24a-24d (not shown [ 24d of 
legs by the side of the space back ] in drawing 1 ). The acceleration sensor 5Z3 which detects the 
acceleration of the Z direction of the 1st column 24 is attached in the side face of the direction of +X of 
leg 24b. As this acceleration sensor 5Z3, the semi-conductor type acceleration sensor of a 
piezoresistance-condenser mold or an electrostatic-capacity mold is used, for example. The output of 
this acceleration sensor 5Z3 is also inputted into the control unit 1 1 (refer to an illustration abbreviation 
and dra wing 3 in drawing 1 ). Moreover, the metal plate 236 of predetermined area is stuck on the part of 
the corner which is the direction edge of +Y on the top face of a superior lamella of the 1st column 24, 
and serves as the direction edge of +X. this metal plate 236 — countering — the Z direction of the 1st 
column 24 — the eddy current which detects a variation rate — a variation rate — the displacement 



sensor 10Z3 (refer to an illustration abbreviation and drawing^ in drawin g 1 ) which consists of a sensor 
is formed. 

[0022] Furthermore, pin 35A is embedded on the side face of the direction of -X of the 1st column 24, 
and actuator 32A is attached between this pin 35A and the stanchion which was fixed above the floor 
level and which is not illustrated. Actuator 32A consists of stator 34A which consists of a magnetized 
body fixed to the stanchion which is not illustrated like actuator 7A, and needle 33A containing the coil 
attached in pin 35A, and can give the force in the **Y direction to pin 35A by adjusting the current which 
flows in the coil in needle 33A from a control unit 11. Similarly, pin 35B can be embedded on the side face 
of the direction of +X of the 1st column 24, actuator 32B of the same configuration as actuator 32A can 
be attached between this pin 35B and the stanchion which was fixed above the floor level and which is 
not illustrated, and the force can be given now in the **Y direction to pin 35B with the directions from a 
control unit 11. Moreover, actuator 32C of the same configuration as actuator 32A is installed between 
the center section of the side face of the direction of +X of the 1st column 24, and the stanchion which 
above the floor level does not illustrate, and the force can be given in the **X direction to the 1st column 
24 through actuator 32C with the directions from a control device 11. It mentions later also about the 
control approach of Actuators 32A-32C by the control device 11. 

[0023] If adjustment of the height of the surface plate 6 at the time of installation of an aligner 100 and 
level level is explained briefly, here It is told to the control system (illustration abbreviation) of the 
vibration removal pads 4A-4D which a variation rate (height) does not illustrate, the Z direction of the 
surface plate 6 measured by the displacement sensor 10Z1. 10Z2, and 10Z3 — Based on these data, the 
control system of the vibration removal pads 4A-4D computes the height of each vibration removal pads 
4A-4D for maintaining level level while making the height of a surface plate 6 the value set up beforehand. 
Then, this control system is set as the value which computed the height of the vibration removal pads 
4A-4D, respectively. Then, the height of the vibration removal pads 4A-4D is maintained by the set point, 
respectively. Thereby, distortion is not produced in a surface plate 6 and the positioning accuracy of X-Y 
stage 20 on a surface plate 6 etc. is maintained with high precision. 

[0024] The exposure body section 40 (refer to draw ing 3 ) is constituted from a gestalt of this operation 
by a surface plate 6, the wafer stage 102, the wafer holder 21, the 1st column 24, projection optics PL, 
the 2nd column 26, and reticle stage 101 grade. 

[0025] Next, the actuators 7A-7D for the vibration removal of this exposure body section 40 and the 
control system of 32A-32C are explained centering on a control device 1 1 based on the block diagram of 
drawin g 3 . 

[0026] A control unit 11 so that vibration of a displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, 10X 
and an acceleration sensor 5Z1, 5Z2. 5Z3, 5Y1, 5Y2, and the exposure body section 40 that contains a 
surface plate 6 based on the output of 5X may be controlled Actuators 7A, 7B, and 7C, The oscillating 
control system which carries out drive control of 7D, 32A, 32B, and 32C is constituted. 
[0027] When this is explained further in full detail, an oscillating control system The 1st coordinate 
transformation section 42 and six subtractors 46a-46f, Six amendment blocks 1000a-1000f, and the 
location controllers XPI, YPI, and ZP[, XthetaPI, YthetaPI and ZthetaPE, Six speed-conversion gain 52a- 
52f and the 2nd coordinate transformation section 48, It consists of six integrators 50a-50f, six 
subtractors 54a-54f, the rate controllers VXPE, VYPI, and VZPI, VXthetaPI, VYthetaPI and VZthetaPI, 
non-interfering count sections 56, and seven thrust gain 58a-58g. And the 1st coordinate transformation 
section 42 is inputted respectively through a displacement sensor 10Z1, 10Z2. 10Z3, 10Y1, 10Y2, and the 
A/D converter that does not illustrate the output of 10X. the variation rate of the 6 degree-of-freedom 
directions (X, Y, Z, Xtheta, Ytheta, Ztheta: refer to drawing 1 ) of the center of gravity of the exposure 
body section 40 — it changes into an amount (x, y, z and thetax, thetay, thetaz). the variation rate of the 
6 degree-of-freedom directions of the center of gravity which changed Subtractors 46a-46f in the 1st 
coordinate transformation section 42 — an amount (x — ) the desired value (xO, yO, z0, and thetaxO — ) of 
the center-of-gravity location of the 6 degree-of-freedom directions into which y, z, thetax, thetay, and 
thetaz are inputted from the desired value output section 44 It subtracts from thetayO and thetazO, 
respectively, and the position error (deltax=x 0-x, deltay=y0-y, deltaz=z0-z, deltathetax=theta xO-thetax, • 
deltathetay=theta yO-thetay, deltathetaz=theta zO-thetaz) of each direction of six degrees of freedom is 
computed, respectively. The amendment blocks 1000a-1000f compute the amendment position errors 
delta xc, delta yc, and delta zc, deltathetaxc, deltathetayc, and deltathetazc according to the procedure 



mentioned later from the position errors deltax, delta y, delta z, deltathetax, deltathetay. and deltathetaz 
computed with Subtracters 46a-46f. The location controllers XPI. YPI, and ZPI, XthetaPI. YthetaPI. and 
ZthetaPl consist of PI controller which performs control action of each direction of six degrees of 
freedom by making the amendment position errors delta xc, delta yc. and delta zc, deltathetaxc, 
deltathetayc and deltathetazc into an actuating signal, a speed conversion — gain — 52 - a 52 f 

- a location - a controller — XPI - YPI - ZPI - XthetaPI - YthetaPI — ZthetaPl ~ from - an 
output — a rate — a command — a value — x ~ zero — ' — y — zero — ' — z — zero theta 

- x — zero ' — theta — y ~ zero — ' — theta — z — zero — ' — respectively — changing . the 

2nd coordinate transformation section 48 is inputted respectively through an acceleration sensor 5Z1, 
5Z2 5Z3 5Y1 5Y2 and the A/D converter that does not illustrate the output of 5X, and is changed into 
the acceleration (x'~ " — y — " — z — " ~ theta — x — " — theta — y — " — theta — z — ) of^ 
the 6 degree-of-freedom directions of a center of gravity, six — a ** — an integrator — 50 — a 50 

f __ tne _ two — coordinate transformation — the section — 48 -- conversion — the back — a center 
of gravity — six — a degree of freedom — a direction — acceleration x " y - z 

theta — x — " theta ~ y ~ " — theta — z — " ~ respectively — finding the integral — each a 

direction — a center of gravity — a rate — x — ' — y — ' — z — ' — theta — x -- ' — theta — y — ' 

- theta — z — ' — changing . Rate command value x0* from which Subtractors 54a-54f were changed 
by the speed-conversion gain 52a-52f, y — zero — ' — z — zero — ' — theta — x — zero — * — theta 

- y — zero — ' — theta — z — zero — ' ~ from — an integrator — 50 — a - 50 — f — an output — 
x __ • __ y __ • — z — • — theta — x — ' — theta — y — ' — theta — z — ' — respectively — 
reducing — the velocity error (deltax'=x0 — -x" — ) of each direction of the 6 degree-of-freedom ^ ^ 
directions delta — y — ' — = — y — zero — ' - y — * — delta — z — ' — - — z — zero ' z 

- deltathetax — ' — = — theta — x — zero — ' - theta — x — ' — deltathetay = ~ theta ~ y 

__ zer0 _ • _ theta — y — ' — deltathetaz — * — = — theta — z — zero — ' - theta — z — 
computing . a rate — a controller - VXPI - VYPI - VZPI — VXthetaPI — VYthetaPI — VZthetaPI — 
a subtractor — 54 — a - 54 — f — computing — having had — a velocity error — delta — x 

delta — y — ' — delta — z — ' — deltathetax — ' — deltathetay — ' — deltathetaz — * — an 
actuating signal — ** — carrying out — control action — carrying out PI a controller — from — 
changing . The non-interfering count section 56 performs the non-interfering operation for changing the 
amount of speed control calculated by the rate controller into the rate command value which should be 
generated in the location of each actuator. The thrust gain 58a-58g is changed into the thrust which 
should generate the rate command value which should be generated in the non-interfering count section 
56 in the location of each actuator after conversion with each actuator, respectively. 
[0028] That is, the oscillating control system of the gestalt of this operation is the multiplex loop- 
formation control system which has the speed-control loop formation constituted including an 
acceleration sensor, an integrator, a rate controller, etc. as the inner looping inside the position control 
loop formation constituted including a displacement sensor, a location controller, etc. 
[0029] In the position control loop formation in the oscillating control loop which consists of multiplex 
loop-formation control systems explained above When the stationary force is acting on the body section 
(part above the surface plate 6 of draw ing 1 ) of a projection aligner with non-illustrated elastic force, 
weight, etc. of a signal cable, It is going to amend the variation rate of the body section of the projection 
aligner produced according to this stationary force, a stationary thrust occurs in each actuator, and this 
produces local generation of heat. And the accuracy of measurement, such as a laser interferometer 
which produces fluctuation of the air in a chamber, for example, measures the movement magnitude of an 
X-Y stage by this generation of heat, may fall. 

[0030] Here, considering actuation of a projection aligner, for example in a series of actuation of a reticle 
load, a wafer load, alignment, exposure, stage migration, etc.. high vibration removal capacity is not 
required during [ all ] actuation. So, when so high vibration removal capacity is not needed, by reducing 
the amount of feedbacks based on the position error within a position control loop formation, generating 
of a stationary thrust can be controlled and generation of heat from each actuator can be controlled. 
[0031] For example, when high vibration removal capacity is not required of a projection aligner, as long as 
the position errors deltax. delta y, delta z. deltathetax, deltathetay, and deltathetaz searched for with 
Subtractors 46a-46f are settled in the predetermined value in the position control loop formation in 
drawin g 3 like among a reticle load, it is good if these position errors are not fed back. That is, what is 



necessary is just to form a neutral zone to these position errors. This example is explained with reference 
to d rawing 4 - drawing 6 . 

[0032] Each of drawi ng 4 - drawing 6 is the flow charts explaining the processing which constitutes a part 
of position control loop formation in the interior of the control device 11 shown in draw ing 3 . In the flow 
chart shown in drawing 4 , a control device 1 1 is step S41, and it judges whether according to the 
actuation of the reticle load of a projection aligner, exposure, etc. shown in draw ing 1 , a neutral zone is 
set as position errors deltax, delta y, delta z, deltathetax, deltathetay, and deltathetaz. And when it judges 
that a working thing with unnecessary high vibration removal capacity is [ detection, i.e., a setup of a 
neutral zone, ] possible, a neutral zone flag is set to 1 at step S42. Conversely, when detection, i.e., a 
setup of a neutral zone, is judged that the working thing for which high vibration removal capacity is 
needed at step S41 should not carry out, a neutral zone flag is set to 0 at step S43. 
[0033] Drawing 5 (a) shows the subtractors 46a-46f in d rawing 3 , and the contents of processing in the 
amendment blocks 1000a-1000c. First, position errors deltax, delta y, delta z, deltathetax, deltathetay, and 
deltathetaz are searched for at step S51 (processing of Subtractors 46a-46f.). Henceforth, in order to 
avoid complicated-ization of explanation, position errors deltax, delta y, delta z, deltathetax, deltathetay, 
and deltathetaz are displayed as delta if needed. When a neutral zone flag is checked in step S52 and a 
neutral zone flag is 0, they are the amendment position errors delta xc, delta yc, and delta zc, 
deltathetaxc, deltathetayc, and deltathetazc (in order to avoid complicated-ization of explanation 
henceforth) at step S53. the amendment position errors delta xc, delta yc, and delta zc, deltathetaxc, 
deltathetayc, and deltathetazc are displayed as deltac if needed. **** — amendment is not added, that is, 
processing is finished as delta c=delta, and amendment position-error deltac is sent to the processing 
block XPI, YPI, and ZPI of the next step, i.e., the location controllers shown in drawing.3 , XthetaPI, 
YthetaPI, and ZthetaPI. 

[0034] When a neutral zone flag is 1 at step S52, it judges whether a position error delta is larger than the 
predetermined neutral zone width of face Wdz or small at step S54. And when a position error delta is 
under the neutral zone width efface Wdz, amendment position-error deltac is sent to the location 
controllers XPI, YPI, and ZPI which set amendment position-error deltac to 0 at step S54, finish 
processing, and are shown in drawing 3 f XthetaPI, YthetaPI, and ZthetaPI. 

[0035] Processing which shows [ which was larger than the neutral zone width of face Wdz ] whether a 
position error delta is equal to the predetermined neutral zone width of face Wdz in the formula (1) of the 
following [ step S56 ] at step S54 is performed, and amendment position-error deltac is sent to the 
location controllers XPI, YPI, and ZPI shown in drawing 3 , XthetaPI, YthetaPI, and ZthetaPI. 
[Equation 1] 

delta c=delta-sgn (delta), Wdz — Formula (1) 

It is sgn(delta) =-1[0036] here at the time of sgn(delta) =1delta<0 at the time of delta> 0. About the 
contents of processing shown in drawing 5 (a), the amendment blocks 1000a-1000f are likened with the 
I/O system of an analog, and are explained with reference to drawing 5 (b). In the graph of drawing_5 (b), 
the position error delta as an input is taken along an axis of abscissa, and amendment position-error 
deltac as an output is taken along an axis of ordinate. And when a neutral zone flag is 0, as the broken 
line of a shows, amendment position-error deltac is outputted to the location controllers XPI, YPI, and 
ZPI, XthetaPI, YthetaPI, and ZthetaPI as delta c=delta. Conversely, when a neutral zone flag is 1, 
amendment position-error deltac is outputted to the location controllers XPI, YPI, and ZPI, XthetaPI, 
YthetaPI, and ZthetaPI with the input-output behavioral characteristics which have the neutral zone width 
of face Wdz in each by the side of + and - as the continuous line of b shows. 

[0037] Since a thrust comes to occur in each actuator by constituting an oscillating control system as 
mentioned above only when high vibration removal capacity is required, unnecessary generation of heat 
from each [ these ] actuator can be prevented. 

[0038] In addition, although the example which performs that judgment which is not taken into 
consideration in consideration of the neutral zone width of face of the predetermined width of face Wdz 
using a neutral zone flag was explained by the above explanation when asking for amendment position- 
error deltac from a position error delta, it is not necessary to use this neutral zone flag. Hereafter, this 
example is explained with reference to drawing 6 . 

[0039] The flow chart shown in drawing 6 (a) shows another example of the amount configuration routine 
of position control feedbacks shown in drawing 5 (a), and since it is the same as that of the thing of 



drawing 5 (a) except having lost processing when step S52 in drawing.! (a), i.e., neutral zone flag judging 
processing and step S53, i.e., a neutral zone flag, is not set, it explains it focusing on a difference with the 
thing of draw ing 5 (a). 

[0040] In the flow chart shown in draw ing 5 (a), although the neutral zone width of face Wdz was fixed to 
the predetermined value, the neutral zone width of face Wdzv kicked to step S62 of the flow chart shown 
in drawing 6 (a) serves as adjustable. This neutral zone width efface Wdzv is set up by the neutral zone 
width-of-face configuration routine which is not illustrated in the processing program built into the 
control device 11 according to the contents of processing of a projection aligner, and when the contents 
of processing of a projection aligner need to be performed under the highest vibration removal capacity, 
the neutral zone width of face Wdzv is set as 0, when reverse so high vibration removal capacity is not 
needed, it is alike to that extent, it responds, and the neutral zone width of face Wdzv is set as any value. 
[0041] The input / output relation which likened the amendment blocks 1000a-1000f with the I/O system 
of an analog is shown in d rawing 6 (b) the same with having explained the result to which processing 
based on the flow chart shown in draw ing 6 (a) according to the neutral zone width of face Wdvz set up 
as mentioned above is carried out with reference to drawin g 5 (b). 

[0042] In the graph shown in drawing 6 (b), when the neutral zone width of face Wdvz is 0, it becomes the 
relation of delta c=delta as shown in a broken line a. This is equal to the broken line a which shows the 
input/output relation of delta c and delta in case a neutral zone flag is 0 in the graph shown in dr.awjng_5. 
(b). Again, when it is input/output relation when the neutral zone width of face Wdzv is comparatively 
narrow Wdzv1 t as shown with an alternate long and short dash line b with reference to drawing 6 (b) or 
the neutral zone width of face Wdzv is comparatively large Wdvz2, it is shown by input/output relation as 
shown as a continuous line c. And when it is in input/output relation as shown, for example in a 
continuous line c, since the reaction to disturbance is controlled as it is, the thrust of each actuator can 
also decrease, therefore generation of heat from each actuator can be prevented 

[0043] Although explanation of the gestalt of the above operation described that high vibration removal 
capacity is not required of an aligner into the reticle load, this is a talk in comparison with the times at 
the time of exposure etc., and if it sees absolutely, high vibration removal capacity will be required also 
among loading of a reticle or a wafer. Therefore, when residual vibration is in an aligner, after this residual 
vibration sets, unless it comes out, desired positioning accuracy will be acquired. Therefore, the time 
amount taken for residual vibration to set as the Prior art also explained bars the improvement in a 
throughput of equipment. Although it is also effective to raise the servo rigidity of vibration removal 
equipment in order to raise a throughput, enlargement of equipment and the rise of a manufacturing cost 
will be caused and it is not practical. Hereafter, the example which improves the throughput of an aligner 
is explained, without raising the servo rigidity of vibration removal equipment. 

[0044] The wafer loader 200 which accompanies the aligner 100 applied to the gestalt of operation of this 
invention with reference to drawing 7 and this aligner 100 is explained. An aligner 100 is installed in Floor 
F and the wafer loader 200 is similarly installed in Floor F. Moreover, the displacement sensor (10X, 10Y1, 
10Y2, 10Z1, 10Z2, 10Z3) which detects the. variation rate of an aligner is installed in the column 300 
installed in Floor F, and the variation rate to the floor F of an aligner 100 is detected. 
[0045] With the above configuration, when the shake of an aligner 100 is settled below in the 
predetermined value, if Wafer W is loaded to a reticle stage 102 through the conveyance section 210, 
position arrangement precision can be acquired. On the other hand, when the variation rate by the 
residual vibration of the amplitude beyond a predetermined value is detected by the aligner 100 by the 
displacement sensor (10X, 10Y1, 10Y2, 10Z1, 10Z2, 10Z3), the relative displacement between the 
conveyance section 210, or Wafer W and the wafer stage 102 is also offset by driving a wafer stage so 
that the detected variation rate may be offset. By this, before the residual vibration of an aligner 100 sets, 
loading of Wafer W is attained, and the throughput of an aligner 100 improves. 

[0046] In addition, what is necessary is just to drive a reticle stage 101 by the same approach as the 
wafer stage 102, also in case a reticle is loaded. Hereafter, with reference to drawj,ng_8 , the control 
approach of the wafer stage 102 and a reticle stage 101 is explained. 

[0047] Drawing 8 is a block diagram explaining the stage positional controller 110 for controlling the wafer 
stage 102 and a reticle stage 101. In addition, the same number is given to the same part as drawing 3 
which shows the configuration of the control unit 11 which performs vibration removal control of the 
exposure body section 40, and the explanation is omitted. 



[0048] The variation rate of the 6 degree-of-freedom directions of the center of gravity of the exposure 
body section 40 obtained from the 1st coordinate transformation section 42 is led also to the reticle 
stage coordinate transformation section 71 and the wafer stage coordinate transformation section 72 
while it is applied to six subtractors 46a-46f explained previously. The reticle stage coordinate 
transformation section 71 asks for the variation rates X and Y in alignment with the X-axis and Y shaft 
orientations of a reticle stage 101, and the variation rate (Rot) of the circumference of Ztheta shaft from 
the displacement information on the 6 degree-of-freedom directions of the center of gravity of the 
exposure body section 40. 

[0049] Subtractors 93a-93c compute each position error by subtracting the variation rates X and Y in 
alignment with the X-axis and Y shaft orientations of a reticle stage 101 which are outputted from the 
reticle stage coordinate transformation section 71, the variation rate (Rot) of the circumference of Ztheta 
shaft, and the variation rate of the reticle stage 101 called for from laser interferometers 38X, 38Y, and 
38R, respectively from the desired value (X, Y, Rot) of the reticle stage 101 into which it is inputted from 
the desired value output section 81. 

[0050] The reticle stage control section 91 emits a driving signal in quest of the amount of drives of the 
actuators 95X, 95Y, and 95R which drive a reticle stage 101 to X, Y, and Ztheta shaft orientations based 
on each position error computed from Subtractors 93a~93c. 

[0051] Since a reticle load can be performed with high precision, without waiting for setting of the residual 
vibration of the exposure body section 40 by driving a reticle stage 101 so that the variation rate 
according to the residual vibration of the exposure body section 40 as mentioned above may be offset, 
the throughput of an aligner can be raised. Moreover, since the neutral zone width of face previously 
explained by amending vibration of the exposure body section 40 in a reticle stage 101 is further 
expandable, generation of heat from Actuators 7A-7D can be controlled. Or when it is necessary to 
perform a reticle load to a precision further, after carrying out vibration removal control of the exposure 
body section 40, without preparing the neutral zone width of face mentioned above, a reticle stage 101 is 
driven further and the variation rate of the reticle stage 101 by the residual vibration of the exposure 
body section 40 may be amended. 

[0052] In addition, the movement magnitude of the reticle stage at the time of this residual vibration 
amendment is very slight, the acceleration produced at the time of reticle stage migration is also very 
small, and the new vibration accompanying a stage drive is not caused. 

[0053] It is the same as that of control of the reticle stage mentioned above also about control of the 
wafer stage 102, and the explanation is omitted. 

[0054] Although the example which asks for the variation rate of a reticle stage 101 or the wafer stage 
102 in explanation of the above stage positional controller 110 of operation based on the displacement 
information on the 6 degree-olHreedom directions of the exposure body section 40 obtained from the 1st 
coordinate transformation section 42 was explained the variation rate which replaced with this and was 
detected by the displacement sensor (10X, 10Y1, 10Y2, 10Z1, 10Z2, 10Z3) — a signal — the direct reticle 
stage coordinate transformation section 71 and the wafer stage coordinate transformation section 72 — 
leading — each stage — you may make it ask for a variation rate 

[0055] In explanation of the gestalt of the above operation the oscillating control system of a shock 
absorbing desk Moreover, a displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, 10X, Although explained 
taking the case of the case where it is the multiplex loop-formation control system which has the speed- 
control loop formation which consists of an acceleration sensor 5Z1 to 5Z3, 5Y1, 5Y2, 5X, rate controller 
VXPI-VZthetaPl, etc., inside the position control loop formation which consists of location controller XPI- 
ZthetaPI etc. What is necessary is just to carry out position control of each stage based on the signal 
acquired by a displacement sensor 10Z1, 10Z2, 10Z3, 10Y1, 10Y2, and 10X also at this time that what is 
necessary is just to carry out vibration removal control by the oscillating control system which consists 
of only position control loop formations to a long vibration of a period comparatively. 
[0056] In addition, the vibration removal equipment concerning this invention is applicable not only to 
optical aligners, such as a projection aligner of the scan exposure mold of step - and - scanning method, 
and a projection aligner of a stepper method, but a charged-particle line aligner. 

[0057] In correspondence with explanation and the claim of the gestalt of implementation of the above 
invention a surface plate 6 a shock absorbing desk Actuators 7A-7D, and 32A-32C a shock absorbing 
desk actuator a displacement sensor 10Z1 to 10Z3, 10Y1, 10Y2, and 10X — a shock absorbing desk — a 



variation rate — a sensor A control unit 11 a shaking table oscillating control system Laser 
interferometers 38X and 38Y, 38R, 39X, 39Y, and 39R — an installation base — a variation rate — the 
stage positional controller 110 for a sensor an installation base position control system The wafer loader 
200 constitutes an installation object delivery means, and the reticle stage coordinate transformation 
section 71 and the wafer stage coordinate transformation section 72 constitute a displacement signal 
transduction means, respectively. 
[0058] 

[Effect of the Invention] 

(1) according to invention according to claim 1 or 3 — a shock absorbing desk — a variation rate — the 
output from a sensor — being based — the variation rate of an installation base — installation objects, 
such as a reticle and a wafer, can be laid in an installation base in the condition with high positioning 
accuracy, without waiting for setting of the residual vibration of a shock absorbing desk by calculating an 
amount, and driving an installation base so that the variation rate of the installation base by vibration of a 
shock absorbing desk may be offset Thereby, high throughput-ization becomes realizable, 

(2) According to invention according to claim 2 or 3, by forming the neutral zone of predetermined width 
of face in the oscillating control loop of a shock absorbing desk oscillating control system, unnecessary 
generation of heat from an actuator can be prevented, and the fall of the precision accompanying this 
generation of heat can be prevented. Although vibration occurs by forming a neutral zone in a shock 
absorbing desk oscillating control system at this time, the variation rate of the installation base produced 
in this vibration can be offset by driving an installation base, and can maintain high positioning accuracy. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

rDrawing 1] It is the perspective view showing the projection aligner concerning the gestalt of 1 operation. 

[Drawing 2] The expanded sectional view in which (a) shows an example of actuator 7A, and (b) are the 
expanded sectional views showing other examples of actuator 7A. 

[Dra wing 3] It is the control-block Fig. showing the configuration of the control system of an actuator. 
[Dra^vingAl The flow chart explaining the position control loop-formation neutral zone configuration 
routine of the control system shown in drawin g 3 

[Drawing 5l It is drawing explaining an example of the amount configuration routine of position control 
loop-formation feedbacks of the control system shown in drawing 3 , and (a) is the graph with which the 
amount of feedbacks in which (b) was processed by this routine in that flow chart was expressed typically. 

[D rawing 61 It is drawing explaining another example of the amount configuration routine of position 
control loop-formation feedbacks of the control system shown in drawing 3 , and (a) is the graph with 
which the amount of feedbacks in which (b) was processed by this routine in that flow chart was 
expressed typically. 

[Drawing 7] It is drawing explaining the arrangement relation of the projection aligner and wafer loader 
concerning the gestalt of operation of this invention. 

[Drawing 8] It is the control-block Fig. showing the configuration of a stage positional controller. 
[Description of Notations] 
4A-4D Vibration removal pad 

5Z1 to 5Z3, 5Y1, 5Y2, 5X Acceleration sensor (sway sensor) 
6 Surface Plate (Shock Absorbing Desk) 
7A-7D, 32A-32C Actuator 

10Z1 to 10Z3, 10Y1, 10Y2, 10X Displacement sensor 
11 Control Unit 
20 27 X-Y stage 

38X, 38Y, 38R Laser interferometer 
39X, 39Y, 39R Laser interferometer 
40 Exposure Body Section 

71 Reticle Stage Coordinate Transformation Section 

72 Wafer Stage Coordinate Transformation Section 

91 Reticle Stage Control Section 

92 Wafer Stage Control Section 
95X, 95Y, 95R Actuator 

96X, 96Y, 96R Actuator 

100 Aligner 

101 Reticle Stage 

102 Wafer Stage 

110 Stage Positional Controller 
200 Wafer Loader 



F Floor 

R Reticle (mask) 

PL Projection optics 

W Wafer (sensitization substrate) 

1 000a-1 OOOf Amendment block 
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[0 0 0 6] *58MO»^S:ttWi-S±1BHM*r 
[0 0 0 7] 

v^r, |g|l#V>LII|8Klg<5^TiftlW^£o 
[0 0 0 8] Hil^ -nM<ni&n\z.&Z>*'ry'7 • 
TisY ■ ^^rt^I*8f 1 0 0O«B&»»EI^ 

y K4A-4D (ffl.U Hi-Cfiftffifti^S^K 
iii:Wi:z«$:i^ z«uo££i-S¥ffirt*?3£»6 

JSC Hi ■FOX* Y, Ztt£^-t"*^SM>^"t"*rp]& 
+ X, + Y, + Z;*|rK ctui:K»w*rti*r-x % - 

[0 0 0 91 B«/^K4A^4D»1 ZMIV&IBLG 
2l*te<^fi-m, (Mfc* yK4A-4Di Lt^«S^ 



tt T ^ > bf ^ icffl&g =» tf £: Atbfc««^y 

[0 0 10] i?&2 tm&6 t<Dfn\Cf&ms<<y K4At 

x^7Att, •&ffi2±lCHS*^HS J ?-9AfcS* 
6^HE®^@^^^CPr»)^8 Afcj&>fcfltofc£*U SJW 
8111 (El l -eW:BI^«B&, EI3#M) ^^offi^ld 

f6o A^IWi^y K4B- 4D^v>rt>, BMH^^ 

K4 Air^^^tL^tt^Ji-T^^^^-^ 7 B-7 

*7C, 7Df*E]^ J fr-f) , £.*U&<BT*^a^— * 7 
B~7D(D#^Xf^®5l^ 1 b ; etl,^tb^^gl 1 

[00 11] T^c*^— * 7 AOAffAHIA^ 

o^TO 2 Ca^^TMtSo 

[0012] 12 (a) Kite, T^*^— * 7 AOi 
m^Tjk^tlX^^o :Oi2 (a) tC*3^T, @ 
^^9Af^:, Ni^tt 9 A a ^MfJ^ S 9 A b , 

9Ac^«snfcv^5/hi9*5. "r»^ 

8 Ate, *ft9 AatCjftlR-rSrtlSl 2, :Ortil2(D 

^{Ri]lc#lH]$tbfc^-r/wi 3, co^-fyvi 3£rS 

E-r5r£U:«fc!9, @3S^9 A^pTSj^S Afc^ 

[0 0 13] U2 (b) (Cte, T^^^.^-^ 7 AOSU 
<^9 ? lJ^^HrV^^ 0 CC0IU2 (b) t£*5^T, f&lU 
Wl SiclKtt^BS^l 6*5@^gjx, 35 2£B«1 7 
idHS^l 6S:»5tpJ:5iwi*iffil 8AW1 8B« 

9AW1 9B^tlH]^ntV^ 0 Z(DWr&h. -a^fr 
1 9 ARTJ^ 1 9 B KSfc-rfifcfc&PSE-r S w t MJ; ^ , ^ 
l«*tl 5 £fg2£i$#-l 7 tOWOiftSI^O^^V^* 

[0014] muzmv. m&6<D+Yjj$\M<DW&\z. 
s«6<7?z*i^*piia[*ifetti-r6fi»-fe^t it 

<^*P^-fe >"9"5 Z x> 5 Z 2 ^^«9^^e)tlTV>5o * 
yt, £«6±B^ + Y*rRl«8ffl^ttS«6(DY*rRl»Da 

5Y 2 ^flt)f^it^iXs 3e«6±ffi<0+X*rft«BlfUJCtt 
^«6COX*rft*P3fiffi*«W-*-*tS»-fe^i: LTOflP 
X^I0^K)^^tbtl/TV^-5 o mb^piSS 
tyf5Z r 5Z 2 . 5Y^ 5Y 2 , 5XiUm 
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Styf5Z 1% 5 Z 2 , 5Y r 5Y 2 , 5 X (DtHjj i>M 

[0 0 15] €«6<o + Y*rp](|iJoi»M(c:tt % Jjf 

^ffi«tf>*S0<D£»R (»«tt*J-3|5f) 2 3 n 2 3 2 « 

5f*»te>tbr^5. #saiSG>»«-ewt. 56«6^Lr# 

KttSrftffltSftttVtlOY^ 10Y 2 (BU-Ctt 

nri^o :nb<oftttyfi o ioy 2 £lt 

[0 0 16] ft*6±BO+Y*rtl«HBfctt0f3E 
KftOAJWR 2 3 3 , 2 3 4 ^aSt>f*^bttTVN$ 0 rtt 
b^MS2 3 3> 2 3 4 (^|p]UT^6 0Z^tfi: 

^ ioz 2 m 1 -CttEI^BS. IH3#flB) tf^ttfen 
T^5o £fel:i, 3t*6±®o+xar[aofflflffiie:ttSfS 
®fg<D&M& 2 3 6 dS« «9 tttt fen, - ^^rMtg 2 3 5 K 

*f ipj u tsi 6 x 2r ft ^ffi w-r 5 MaxKffi-t? > 
fi^«58tttytiox (m i 
&M) as»:ttfen-cv*5. ffityfio 
y x> ioy 2 , ioz^ ioz 2 , i ox<Dmt)h®m 
mm i i (n i -mE»«iSk i3#§) icflw&snr 

[0 0 17] ^6±lcfil2I^L3fcv>Sgsai^(c: < toT 

X Y 2 ft^frfflfcBBllSnS XY^r-i^ 2 0 

nr^6 0 £fet-> :wxY7f-^/2 o_hic z u~<y 
$n, :ti?)XY7f-^2o, zi/^yy^r- 

0 ^—S^LlCttU r>rcyN^yU^2 1 ^tt«S 



»ttfen* »i 37A2 4eo±«o**«fUjca»3te** 

PL3^Hft*n, *139A2 4 0±«IJ:8»***P 
LSrBBtpJ:5(c»2 3 9^2 6*SK»tfen, f 2^7A 

Y2»:5c*lRjJc«g«iSn6XY^^-^2 7*s«BSn 

— S> *««BSn, :tLf)XY^7-^2 7 

fcitfe^x— ^i/f^;^7-: ^i o i dsfli^gtt 
t LToi^^Ra*ttB£nTi^o 

[0 0 18] ^^^—^1 0 2COX, Y*5j;r/Z 0 

X, 3 9Y43«tt^3 9R^«toraittJSn6 (U— If^F 
^ft3 9R^Ig)^) o mfeU— ^^#§1-3 9X, 3 
9Y, 3 9R(Offl*tt, 1 (i3#l) , * 

7-«aifiino (I8#d *5«fct^Ei^L* 
v^MWKBfcAAsnrv^o z^yy^f-^ 

ffi&tsti. e^x— i^»izWiHif9 0»/j>[5ie^pitg^« 

^^tlTV^5o ftoT, XYX7-V/2 0, Zl/^yy 

[0 0 19] l/f^7^10 1(DX, Y*3<i;t*Z 
ytHTOlz-ffittSSX, 3 8Y*5j:tf3 8R 

icto-asa^n (u— 3 8Rr±^ig^) , r 

n fe L^— 9*T*th3 8 X, 3 8Y, 3 8 ROffl^ljt, 

Ml l (B3*IH) , 7r-^ttlWggl 10 
(i8#I) *3J:t^H^U3S:v^ftiJ»S6B^A*SnT 
v^-So ^*5> u^^yi-R^ov>r^X, YjoJ:U^ZG*- 

[0020] wf-^/uR<D±^\cn, m&irte^mwyt 

li±»J»36B^i5 i^^A-^-r—i^l 0 1 

i^i o 2 ir^^n^n^sgsb^^^Lrx^ft 
(3fe**i«g) Jc»oTgf36o3afl[H:-c4a»3fe3£*n*. 

[0 0 2 1 ] $1=> 7 A24I1 4 2 4 a ~ 2 

4d (ii -vtetm&mown 2 4 d fiH^r) ^ j: 

"9^6±iC^;ii$nTV>5o P${S2 4 b<D+X^ftO 

Jrajifi-fevif-s z 3 d5^9#*tfenrv^ 0 ^oAn^s 
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•b^S^ffiir^iM 0 Z 3 (0 1 ^fSI2]^fB&. ^j3# 
[0022] Sf-> $1=7^24 <D- X^coiaijffit^ 

3§B£#J:9#<5@^3 4 At, K*^3 SAlZ&Vtttf 
bttfc^>f^^^^r^3 3 Air^b^^tl^ 

m-tZ>^t\c£V % fy35AI^LT±Y^M!: 
J?.;i£C£^-?#5o R)*Kl, I137^24W + X* 
[^](DiRlJSl-e^3 5 B^j^^^^tL, :©tV35Bi: 

— 9 3 2A^-M^7^fax^ 3 2B«!?# 

ttbn, f&J«^®i i ^Jb^if^i-J:^ tV3 5B(c*f 

^±cDEj^U^v>S:S ( i:^ra(c: N 7^faX-^32A 
^-»7^fax^-i? 3 2Cd5I£B^^ «J«P$g 

^1 =3^2 4fC^fL-C±X^lC^S:^x.5r ^r^-c 
£So ftjO^ttl ll-££, 7^f^x^3 2A-3 

[0023] ::t\ g|3t^ei o oo^e^pco^e 
k.mti-t^ioz^ 10Z 2 , 1 o z 3 r*ft-a^tL 

4A-4DOWI (H^«») KH5x.<bfts Ztlb<D 
X— *£r^K:|&ig^:y K4 A-4DO»(t 

&m&-rz>tc%><D%-&M'<v K4 A-4 D<Di^££Ittti 

y K4 A~4D^iS$tt*tt^tt-t<DKS«J-IS»StU 

l6±wxY7r- v>2 0<otfm&&ffifi^^*&aK 
[0 0 2 4] *!8*o^ffi-ett, S«6, V*-^**r— 

^102, *^/n*/U^2 1, $137^24, S^3t 
?SPL, $2^7^26, MW/Mr^lO 
l«icJ:9«Jfc*«:»4 0 (H3*H) &mf$.t$tiX^ 



[0 0 2 51 RIC, ^ 4 0(D»fiOfcfe© 

7^faX-^7A-7D, 3 2 A— 3 2Ctf>fM»SlC 
o^T, ffil«P$SC l 1 Srf'frttU B3 6>>Tn y^BlcS 

[o o 2 61 fW»K«i ltt. Ktyfioz^ l 

0Z 2 , 10Z 3 . IOYj, 10Y 2 , lOX&tf&DXtt 
■fe^-frBZ^ 5Z 2 , 5Z 3 , 5Y 1X 5Y 2> SXWffl 

t^ipl^^faX^TA, 7B, 7C, 7D, 3 
2 A, 3 2 B, 3 2C*:B»*J»i-5li»»J»3RSr«fifc 

[0 0 2 7] rn*r3SM»*i-5i, JHMMWKtt, IS 
l^f»S4 2i, 60(DW4 6a-4 6f 
£ N 6o^ttjEyn!V^ 1 0 00 a-1 00 0 f ft 
l3yhn-7XPK YPK Z P I , X0PI, Y 
0PK Z0PIi:, 60(DilM*^^52a-5 
2 f SS2<&ffi«8E»»4 8fc. 6ooa»S5 0a 
— 50ft. 6OC0iIS5 4a-5 4f 

FP-7VXPI, vypi, vzpi, vxe P I , 

VY0PK VZ0P1£, ^TmtUWU 5 6 t s 7 
oojf^y-f y 5 8 a - 5 8 g i ^rUT. SB 

1 rojffiSiaeiftW 4 2 tt, »yfioz r ioz 2 , 
10Z 3 , 10Y r 10Y 2 . 1 0X©ta*SrH*U* 

954 0©l^O6 SSffi^rR) (X, Y, Z, X0, Y 

0 N Z 0 : m 1 #JSD ©SEffift ( x , y , z , 0 x , 
0 y , 0 J fcSElft-t-a. «SS4 6a-46fH II 

(omffiM&M 4 2 -es* Lfcfi^o 6 g Sfi^rojo^fi: 

4 (x, y, z, 0 X , 0 y> 8J BSHittiASlU 
4d*&A^SttS 6S*a*f^oJ[^fitlB<0B«1iS (x 

0 > z G> 0 xO % 0 yO , 0 zO ) ^b^weftfcfcc 
r 6 S*S<o-ttt^w*iRioffi:«iBiS (Ax = x 0 - 

x x A y = y G - y , Az = z 0 - Z> A0 x =0 xO - 
0 X , A0 y -0 yO -0 y , A 0 Z = 0 zO -0j *^rtt^ 
tlWm-f&o MlE^n yMOOOa^lOOOftt, 
»K«4 6 a~4 6 f -CgLm^tbfcffie^Ax, A 
y, Az, A0 X , A0 y> A0 z( fc!5, WfctZftM^ 
JIlCftotlJEMflSAxc, Aye, Azc, A0 
x c, A0 y c, A8 z c^I(Ht5o fiinyhP-7 
XPK YPK ZPI, X0PK YOP I, Z0P 

1 ft, MiEfftiLil^A xc, Aye, Azc, A0 
x c, A0 y c. A 0 z c ZMitiB^t IT6 g^aco^: 
^tb(D^<7)WJ^fflb^Sr^ 5 P I ziisYu—yfrh 

f&Zo mmm#<<i/5 2 a -52fn &:m^> 

-7XP K YPI, ZPK X0PI, Y0PI, Z 

0 p i t>b<nmt>*mmm^m*o > vo * > 

»8E*SB4 8W\ ^D3SSir>"^5 Z A . 5Z 2 , 5Z 3 , 
5Y 1X 5Y 2 . 5XOfflASrS^L4v>A/DaW<- 



-5- 



m (x M , y" , z" , 0 X " , 9/ > e x - ) lC3£» 
fSc 6 001^5 0 a — 5 0 f I*. 

£B4 8t«^)i^6 &&&J5fa<DDm&x n % 

y" , z" , 0 X " , 0/ , 9/ *«L«X«#L,T 

^etu-en^^f^oa^^jiSx • , y* , z* , 
m, aftae*^^5 2 a ~5 2 f x&&ztitzmm 

*t^ffix 0 ' , y 0 ' , z 0 ' , 0 xO ' s fiyo* > 0 zO ' 
^«^5 0a-5 0 f ^tiJ^x' , y' , z* , 0 

ft^h^;£ft<£>iIK<I^ (Ax* =x 0 ' - x ' , A 
y* = y D * -y ' , Az' =z 0 ' - z' , A0 X ' = 

I, VYPI, VZ P I , VX 0 P I , VY 0PK V 
Z 0 P Itt, «f£»5 4 a-54f 
tAx' , Ay' , Az' , A0 X ' , A0 y ' , A 
0 J *mmt L-C«W»ff«rflft 5 P I a ^ h ci 

«»^ffi«r#T ^ fax- T»£-t"*<t ttWc-tft* 
[0 0 2 8] -fftfrfe, ***<OBJttO«»fW»*tt, 

[0 0 2 9] £JLLfc:K93 ^«W*-e*ritS 
[0030] r ~T\ Kf£«3te$SffitD»fft£ov^%* 



[0 0 3 1 ] 0iJx.tf, i^f^/wp- K*ft£<D<fc5fc* 

H3lCdStf5ffi«»ByW-7 p lC*SV^T, M^*4 6a- 
4 6 f -C*^e>tL7tffie®^Ax. Ay, Az, A 

0 X , Ae r a 0 z ^B^ffiK:^oT^£P£!9, ;n*t 
[0 0 3 2] H4~H6ttv^-mtBI3l^'t-fflMW3gja 

^ — hfcl*5l>T, i«flll^T5/^S4 1T > 
»mc«CrfiffiSAx, Ay, Az, A0 X , A 

S4 2-C^«S77^1l-tyhtSc ^{^^x^^ 
S4 

fc^^^^^^^s 4 3 x^mffiy y 0 ic-t: s/ h 

[0 0 3 3] i5 (a) tt03lJ:i3»tS»*»4 6 a~ 

4 6 f ioJ:t^ffllE^n 1000a — 1000 c 

ifliAx. Ay, Az, A0 X , A0 y , A9 Z ^ 

^5 (^m^4 6 a -4 6 f <n$m 0 mk, wmnmmt 
zmnztztb, ^:j^i:tfiftSiAx, a y , a 

z, A0 X , A0 y , A 0 z £r A t LT^^1"5) 0 ^V 1 

y/s 5 2\z^x^tmyy^^ b, ^F«fflp 

77^0©i:fl^ry/S 5 3-Cffl^ffiefi^A 
xc. Aye, Azc, A0 x c, A0 y c, A0 z c 

ttE^l^A x c , Aye, Azc, A0 x c, A0 y c, 
A0 2 c^Aci:lt^t5. ) lC{iM^^Px.i a , 
«9 A c = A t IT^I^HX. ft^^ftia^n y 
t^^*)i 3 l^fttf 3 y h X P I , YP 

I, ZPI, X0PI, Y0PI, Z0PI icMlEfta 
iiiAc^ 0 

[0 0 3 4] ^fy^S 5 2W«f77^1t?fco 
fc^, ^X^/^S 5 4"Cffi:iafflSA*S3fS05F«fflfffi 
Wd z ^^:^v^/5>v^$v^^$:H ^ ^J^^o ^UTteE 

5 5 4 -CfflIEtt©{i^ A c £ 0 £ LtM^ttia 3 
(C^ftel3yhP-7XP K YPI, ZPI, X0 
PI, Y0PI, Z0PI lC«E{ft{g<!MA c ^^ So 

[0 0 3 5] 7T^yS5 4Tfl:fiiiAffi5lOTi 

fc^, 77s/^s5 6-e£iiT^ (1) \^-r^m^ 

El3IOTtW^yhP-"7XP I, YP 1, z 
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PI, X 0 P I , Y 0 P I , Z 0 P I ICffljEffififflSlA 
c £rj£5 0 

Ac=A— sgn (A) 
--1^ A>0<Db£s sgn (A) =1 
A<0<Dt% s sgn (A) =-1 
[0 0 3 6] D5 (a) ^-r^Sf^l^O^T, ffiiE 
/n^MOOOa-lOOOf $r7fn^(DA^^ 
KUtAT, (b) *#iLtKWt5o 0 5 (b) 

9 s IMttldHJ** LT<Z)ffi:Eteig<I3gAc£<b£ 0 <£L 

Ac = AilTei='yhP-7XPK YPK ZP 
K XflPI, Y 0 P K Z 0 P I iCffijEffiJMKA c 

f«AttMtt"Cfi:i3yho-7XPK ypi, 

Z P I s X 0 P K Y0PK Z0PI iCflnEifcttfflSS 
[0 0 3 7] £JL±(Oj:5^fi»ftyW*S:«^Sri:^ 

[0 0 3 8] fiJL±^KMtftt, ffijlilllA^^ffl 

jEffifltBflA c £#£>3KUe:, gff3£«Wd z (D^mftffi 

[0 0 3 9] m6 (a) tet^n-ft-Mt H5 

(a) K^y^iHJE/w— ^-vco 

SU(D«Sr^U-C*5?), 115 (a) ^*5tt 5 *X >y 5 

31^Sr*< imi±B5 (a) Ot><Z>fc|^«-C*>*0 
T\ 15 (a) ofcot^^Srip^KM-rSo 
[0 0 4 0] H5 (a) IC^-r^ 7 ^— ^-Y— MCfcV> 

H6 (a) (C^T^n— ^ — hO^f^/S 6 2 

fflfWWd z vtt % faJM£@l 1 ^»*.5&*tufc*aa^n 
5iK«^fc5t#tcf4>Ftffflf«Wd z vttOtc&SS 

[0041] $i±<D£5\z\^xwtfe£tittm&mvtd 

vz^^DTl2)6 (a) iC^-T^n— ^-y — HC^5< 



[*i] 

• wd z ^: (i) 

(Dtmm^s ffiiE^a 5/^ 1 00 0 a-1 0 00 f £T 
■^o^oAfflA*»-*AXfcAHi*oBB«4rH6 (b) 

[0 0 4 2] B6 (b) (r^-T^^^tcio^T, ?R8* 
ffiW dvz^O^iti: a t^-fj; 5 * A c = A 

co|B«£&6 0 El 5 (b) lc^t-^:7fc::JoV> 

^-TfiS^a (C^bV\ f?tf|£]6 (b) £r#J$U 7fi£ 
»!Wd z v^itK^^Wd z vl-Cfeofc^^lCfi 
— *«»b-C^-r«t5 4AttlA§8ffiT. fcSV^>F««f 
Wd z v a*ittfciftj£;^w d v z2-efcofc<b t(cfm 

[0 0 4 3] «±©|fe!jlW»1BoKW-C, L/f^/PP- 

[0 0 4 4] 0 7Sr#«UT**WO|llft<D»ffitc:«5 
gg3t§£B loot, r oS%if l o o S 

AP^2 0 0Co^tRWt5. B^IlOOiig 
F{£l£:g£;ft, s l^«iC^^^t2 — ^2 0 0t>*FtC^g 

t (10X, 10Y P 10Y 2N 10Z P 10Z 2 , 1 

0 Z 3 ) a, fcF\C&m£thfc^7 J±3 0 0^H£fl£;ft, 

[0045] $k±<Dm&'c mytmm 100 (nmti&m 

T^f^/^f-^l 0 2 IC^ocy^w^ru— K-rtb^gff 

1 0 OJ^««^±ofiffl^3»a«lBJcj;5Kffi^«ffi 
"fe >"i^ (1 OX, 10Y 1X 1 0 Y 2 , 10Z,, 10 

z 2 , ioz 3 ) -e&mztbitm&s «w*ix/taeffi**B 
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i£Sfl2 1 Ok£>W££:3i/NW£ V^-s^X7^— c J 1 0 2 t 

[0 0 4 6] ^\ i/f^^S:P-Kt5Bi:t), ^ 
-^10 2, i/f^y^f-^l 0 l^MKov> 

[0 0 4 7] B8it r;x/^f^l0 2, U^f/ls 

HO^tS^os/^H-CkSo 

4 0 (OHMfRlffitrfir 5 «JiSI 1 l 0>«fiRSr^rEI 3 t 

[0 0 4 8] $KDlIfM4 2 <fc 9*^*1^ Sift 
4 0 (Ofi^cD 6 S *K*|ftoaCffitt, jfctdffiW U 
fc6OC0MI£^4 6 a~4 6 f tC^P*. £>jft,5 £ 1 1> Id, 

7 1 B5fe*ft<fP 4 0 Ol^O 6 g &fi;frftCD^ 
ffiifWd^^^^^^ — 5>1 0 1 ^Xtt^o^t^Ytt*" 
[RltC^p^tfcX, Z 0#^^«9co^ffi (Rot) <ir 

[0 0 4 9] ^M93a-93c|j;, u^-^/u*^— 

0 ioxtt*5J:^Ytt^iPiJc»5a5ttx, Y^ze«$ 

(Rot) lF=pj>W3 8X, 3 8 

Y % 3 8 Ret 5*ftP>^l^f^^T-^l 0 1<0^ 

—i^l 0 1 COg^Hii (X, Y. Rot) ^fe^L-Pixi* 

[0 0 5 0] U^A':*^— S>(MM»9 1 ^Sl^9 
3a-93 c^feJ|CWSttfe-ttt^Ottia«S«rt>t 

Ici/f^/^f-^lOi^x, Y*5<fct*Z 0 M^AIc 

Mb-t^T^^ — * 9 5 X, 9 5Y, 9 5R« 
[0 0 5 1 ] EU:<D«fc ***«c«4 0« 

&tt£ j: 5Zffi**B«i-S «t ^ >v**r-~ i? l o 

1 £§2Krr£ r £K:«fc9. s 4 o o^lW^ibcD 

^ 7 A - 7 D ^5>a)3HRt»Mt 5 r i: dSt?# S. hZ> 

^ioi <03ete*ttjEL-tt>«fcv\, 



[0 0 5 2] :o»g«»tIE^U^^/M^ 
[0 0 5 3] ^m/^-r— ^ 1 0 20^tdOV^Tt>± 

[0 0 5 4] »±o^^"^B«|»J6Kl 1 0<a»fls 
KWJc*5^r, g l 0ft«R&ife*|U 2 J;0»&jh,5K3fc 

*-r— i^l 0 1 &£VMi£:n^;*-=r*--^i o 2C0^&£ 

(10X, 10Y r 10Y 2 , 10Z 1V 10Z 2 , 10 
Z 3 ) rttffl$tufcXffifi**Bl»^^^^-^]6 

[0 0 5 5] ^±OHS60»ffiOKW(^*5bx-c, 
Kfi*0Xtt1MlPX*s. ^ffiir^iM 0Z P 1 0 Z 2 , 
10Z 3 , lOY^ 10Y 2 , 10X, ttl^yfn- 

7XPI-Z9PI «-c«*sttSffi«WJ»/w-^rt 

iR'Jfrw. JOaSfi-feVfrS Z^S Z 3 , 5Y 1% 5Y 2> 5 
X, aS^yhD-yVXP I— VZ 0 P HS-?«/8£ 

&&m\z.hoxnwi,tc& y &%t#)mm<D&^mh\£tt 
lt HtttjnM»A— -c«fig sn -ess 
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